1. Introduction
===============

Luminal A breast cancer is a common subtype defined by high expression of estrogen and progesterone receptors, and low expression of the cell-growth marker Ki-67 and the HER2 (human epidermal growth factor receptor 2) oncoprotein on a 6-marker immunohistochemical panel.^\[[@R1]\]^ Evidence suggests that luminal A subtype breast cancer has a much better prognosis than other subtypes, with a low risk of local or regional recurrence. However, there is controversy around under- versus overtreatment with regard to adjuvant treatment of hormone receptor-positive (HR+) breast cancer.^\[[@R2]\]^

Although there is ongoing debate, adjuvant chemotherapy is widely used in the treatment of ER- and/or PR-positive breast cancer. In recent meta-analysis, additional adjuvant chemotherapy to tamoxifen had benefit in hormone receptor-positive breast cancer reducing the risk of recurrence and mortality by 30% and 20%.^\[[@R3]\]^ Combination chemotherapy generally provides higher rates of objective response and longer time to progression in comparison to single agent chemotherapy. However, it is associated with an increase in toxicity and is of little survival benefit.^\[[@R4]--[@R6]\]^ Current guidelines recommend the addition of adjuvant chemotherapy to hormonal therapy for patients with ER-positive, node-positive early breast cancer (EBC).^\[[@R7]\]^ Many of these patients may remain disease-free even if they do not receive chemotherapy.^\[[@R8]\]^ Thus, a proportion of patients with node-positive early breast cancer may be over treated, increasing healthcare costs and exposing patients to toxic adverse events related to chemotherapy with little additional benefit.

The purpose of this study was to identify whether adjuvant systemic chemotherapy has any benefit in node-positive, luminal A breast cancer and to evaluate feasibility of endocrine therapy without chemotherapy in this group.

2. Patients and methods
=======================

This was a retrospective study of 11,025 patients who were surgically treated for invasive breast cancer at Samsung Medical Center between January 2004 and December 2013. Patients were eligible if they met the following criteria: (1) luminal A breast cancer, (2) positive axillary lymph node status, and (3) radical excision of the primary tumor and axillary lymph node dissection (ALND). Luminal A subtype was defined as ER+, HER2-, and Ki-67 \<14%. The hormone receptor status was determined using an enzyme immunoassay and reported in the medical record between January 2004 and December 2013. Immunohistochemistry (IHC), fluorescence in situ hybridization (FISH) or silver in situ hybridization (SISH), was performed to evaluate HER2 status, and an IHC score of +3 or FISH/SISH positivity was defined as positive for HER2 overexpression. Patients with bilateral breast cancer, inflammatory breast cancer, or distant metastasis were excluded. Patients treated with neoadjuvant chemotherapy and patients who had a previous or concurrent second malignancy were excluded.

We found 50 patients who had not received chemotherapy who were administered tamoxifen or an aromatase inhibitor, whereas the chemotherapy group received endocrine therapy plus AC-based (AC: doxorubicin plus cyclophosphamide) adjuvant chemotherapy (AC followed by docetaxel; AC followed by weekly paclitaxel; CAF (cyclophosphamide, doxorubicin, 5-fluorouracil) followed by taxanes (T)). In some patients, gonadotropin-releasing hormone (GnRH) agonist (3.6 mg) every 28 days for 2 years was used for ovarian function suppression. Overall survival (OS) was the primary endpoint. We also evaluated the disease-free survival (DFS) and the interval without distant metastasis.

2.1. Statistical analysis
-------------------------

To minimize selection bias and describe the treatment effects of different modalities in our observational study, we matched patients who did not receive adjuvant chemotherapy to those treated with chemotherapy at a ± 0.05 propensity score range.^\[[@R9]\]^ We derived the propensity score from a logistic regression model using variables associated with the indication of chemotherapy (age, type of surgery, histological type, lymphovascular invasion, pathologic tumor size, pathologic nodal status, hormone receptor status, and use of GnRH agonist) to achieve the maximal group similarity for these parameters rather than on the basis of statistical significance. Thus, each patient was assigned a propensity score corresponding to the likelihood of receiving chemotherapy. We performed 1:n matching, with a maximum n of 8, on their propensity score ±0.05 using the "nearest-neighbor" matching method. We compared the survival of the group treated with chemotherapy with that of the endocrine therapy group (matched using propensity scores). To match participants, we used an automated matching procedure in SAS software version 9.4 (SAS Institute, Cary, NC) that randomly selected a treated individual and an untreated individual (comparator) from the pool of potential comparators to determine whether the patients fulfilled the matching criteria.

Chi-square or Fisher\'s exact tests were used to compare discrete variables. In a univariate analysis, overall survival (OS) and disease-free survival (DFS) were assessed using the Kaplan--Meier method, and log-rank tests were used to compare the differences between the resulting curves. Hazard ratios, 95% confidence intervals (CI) and multivariate survival analyses were performed using the Cox proportional-hazards model. SAS version 9.4 (SAS Institute, Cary, NC) was used for the chi-square test, Cox\'s proportional hazard regression, and logistic regression.

The study was approved by the institutional review board of the Samsung Medical Center, Seoul, Korea (approval numbers: 2016--04--056).

3. Results
==========

Among 11,025 patients, we found 1267 patients with ER+, HER2-, Ki-67\<14% and node-positive breast cancer; unknown HER2, Ki-67 status and chemotherapy other than AC based (AC: doxorubicin plus cyclophosphamide) group (AC followed by docetaxel; AC followed by weekly paclitaxel; CAF \[cyclophosphamide, doxorubicin, 5-fluorouracil\], followed by taxanes) were excluded. Of 870 women with node-positive luminal A breast cancer, a subsample was created of 692 women with overlapping propensity scores to receive chemotherapy. Propensity score matching improved the similarity in each factor distribution and resulted in overall propensity scores that were not significantly different after matching (Table [1](#T1){ref-type="table"}). We performed 1:n matching, with a maximum n of 8 on the endocrine therapy group (n = 50) to the chemotherapy group (n = 642). After matching, there was no statistically significant difference in age, type of surgery, histologic grade, lymphovascular invasion, pathologic tumor stage, and node stage between the 2 groups. The median age of the patients in each group at the time of surgery was 58.3 ± 9.5 years in the chemotherapy group and 58.7 ± 11.7 in the endocrine therapy only group. The median follow-up time was 51.9 months (range 1--125 months). Among 50 patients with endocrine therapy alone, 17 patients refused chemotherapy, 4 patients did not undergo chemotherapy because of the underlying liver disease, and 5 patients did not undergo chemotherapy because of old age. Chemotherapy was considered of no benefit to 3 patients because of small tumor size and 20 patients did not undergo chemotherapy because of micrometastasis of lymph nodes.
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Characteristics of chemotherapy ± endocrine therapy and endocrine therapy alone groups.
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In multivariable analysis, omission of adjuvant chemotherapy in luminal A cancer had no influence on OS and DFS. Axillary lymph node metastasis and PR status were significantly different between the endocrine therapy alone group and the chemotherapy group in terms of OS (Table [2](#T2){ref-type="table"}). Nuclear grade, PR status and adjuvant radiotherapy were significantly different between the endocrine therapy alone group and the chemotherapy group with regard to DFS (Table [3](#T3){ref-type="table"}). In survival analysis, there were no differences in OS (*P* = .137) and DFS (*P* = .225) between the 2 groups (Fig. [1](#F1){ref-type="fig"}).
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Univariate and multivariate Cox regression analyses for overall survival.
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Univariate and multivariate Cox regression analysis for disease-free survival.
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![Kaplan--Meier survival curves for the overall survival rate (A), disease-free survival rate (B), between the chemotherapy group and the endocrine therapy alone group.](medi-96-e6777-g004){#F1}

4. Discussion
=============

In this study, there were no significant differences in OS and DFS between the endocrine therapy alone group and the chemotherapy group. In multivariate analysis, axillary lymph node metastasis and PR status were independent factors that affected OS between the 2 groups. Lower nuclear grade, positive PR status, and use of adjuvant radiotherapy were related to higher DFS. These results indicate that some patients with node-positive luminal A cancer may not benefit from systemic chemotherapy.

An overview of results and analyses of individual trials demonstrates a highly significant benefit from chemotherapy compared to not receiving chemotherapy.^\[[@R8]\]^ In trials on anthracycline-based chemotherapy versus no chemotherapy among both women with ER-positive disease, chemotherapy reduced breast cancer mortality both in older women aged 55 to 69 years and in women less than 55 years of age.^\[[@R3]\]^

However, after the characteristics of luminal A disease were accepted by the 2011 St. Gallen panel to adequately define this subtype for clinical purposes,^\[[@R1]\]^ a retrospective analysis of National Surgical Adjuvant Breast and Bowel Project (NSABP) B20 and Southwest Oncology Group (SWOG) 8814 suggested that not all patients with ER-positive disease benefit from the addition of chemotherapy. Both studies supported the use of OncotypeDX 21-gene recurrence score (RS) to define patients requiring multi-agent chemotherapy. In NSABP B20, a trial on node-negative breast cancer, patients with low-RS (\<18) tumors did not benefit from chemotherapy.^\[[@R10]\]^ The SWOG 8814 study demonstrated no benefit from the addition of cyclophosphamide, doxorubicin, and fluorouracil chemotherapy to tamoxifen among postmenopausal women with node-positive disease for those with ER+ and HER2- patients and specifically for those with low or intermediate RS, including luminal A disease.^\[[@R11]\]^

The primary objective of The Trial Assigning IndividuaLized Options for Treatment (TAILORx) was to determine whether adjuvant hormonal therapy was inferior to adjuvant chemotherapy plus hormonal therapy for patients with ER-positive/HER2-negative breast cancer with intermediate OncotypeDx RS values between 11 and 25.^\[[@R12]\]^ The SWOG S1007 trial Treatment for Positive Node, Endocrine Responsive Breast Cancer (RxPONDER) extended the assessment to node-positive disease and determined the effects of endocrine therapy versus endocrine therapy plus chemotherapy in patients with node-positive breast cancer who do not have high RSs.^\[[@R13]\]^ A nonrandomized cohort study of 106 patients with 1 to 3 positive nodes included a subset of patients who were identified as low risk by the 70-gene profile; patients who received chemotherapy had similar survival to those who did not.^\[[@R14]\]^ From these multigene assays, we could presume that there would be some patients with in the ER-positive, node-positive breast cancer who would not respond to chemotherapy.^\[[@R15],[@R16]\]^ In a study of paclitaxel in node-positive cancer, paclitaxel did not benefit patients with ER-positive, HER2-negative cancers, which accounted for more than 50% of the study group.^\[[@R17]\]^ In this study, AC-based chemotherapy appeared to not have a significant benefit with regard to OS (*P* = .137) and DFS (*P* = .225) in luminal A breast cancer. These results suggest that some patients with node-positive luminal A cancer will not benefit from systemic chemotherapy.

Axillary lymph node (ALN) metastasis is an accurate prognostic factor for recurrence risk and survival in patients with invasive breast cancer.^\[[@R18],[@R19]\]^ A recent study also showed that ALN metastasis was an independent prognostic factor affecting DFS.^\[[@R20]\]^ In this study, ALN metastasis was significantly different in terms of OS and DFS between the 2 groups.

Our study showed that PR-positive cancer had a better prognosis with regard to OS and DFS and this result corresponded with previous studies.^\[[@R21],[@R22]\]^ Women with ER-positive/PR-negative, ER-negative/PR-positive, or ER-negative/PR-negative tumors experienced a higher risk of mortality compared with women with ER-positive/PR-positive tumors, independent of various demographic and clinical tumor characteristics.^\[[@R21]\]^ Semiquantitative IHC expression of PR adds prognostic value within the current IHC-based luminal A definition by improving the identification of good outcome breast cancers.^\[[@R22]\]^

A recent study indicated that IHC subtyping was prognostic for ipsilateral breast relapse (IBR), but was not predictive of benefit from RT and patients with negative axillary nodes, so low-risk luminal A breast cancer may not need radiation therapy following breast-conserving surgery due to the low risk of ipsilateral breast relapse.^\[[@R23]\]^ In contrast to the previous study, the results of our multivariable analysis in patients with positive axillary nodes indicated that DFS had a clinically significant association with radiotherapy (HR = 2.683; *P* = .024).

There were a few limitations of our study that need to be addressed. First, several unknown confounding factors could have affected the results owing to the retrospective study design. Second, a relatively small number of patients were enrolled in the endocrine therapy group. Last, after propensity score matching, 47 of 50 patients from the endocrine therapy alone group were N1, and 20 patients had micrometastasis of lymph nodes. Therefore, the majority of the endocrine therapy alone group was at low risk of recurrence and that might have influenced the results. Nevertheless, the results of this study have clinical significance and provide important insight regarding the use of adjuvant systemic chemotherapy in node-positive, luminal A breast cancer.

In conclusion, adjuvant chemotherapy could provide little benefit to postmenopausal patients with luminal A, node-positive breast cancer and endocrine therapy alone may help reduce morbidity. Future studies with a large number of patients and longer follow-up time are necessary to determine whether chemotherapy might be avoided in this patient population.

Abbreviations: AC = doxorubicin plus cyclophosphamide, ALN = axillary lymph node, ALND = axillary lymph node dissection, CAF = cyclophosphamide, doxorubicin, 5-fluorouracil, CI = confidence intervals, DFS = disease-free survival, EBC = early breast cancer, ER = estrogen receptor, FISH = fluorescence in situ hybridization, GnRH = gonadotropin-releasing hormone, HER2 = human epidermal growth factor receptor 2, HR+ = hormone receptor-positive, IBR = ipsilateral breast relapse, IHC = immunohistochemistry, NSABP = National Surgical Adjuvant Breast and Bowel Project, OS = overall survival, PR = progesterone receptor, RS = recurrence score, RxPONDER = Treatment for Positive Node, Endocrine Responsive Breast Cancer, SISH = silver in situ hybridization, SWOG = Southwest Oncology Group, T = taxanes, TAILORx = Trial Assigning IndividuaLized Options for Treatment.
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